Background and Aims-Disease recurrence following transplant occurs in 20-45% of patients with autoimmune hepatitis. Factors associated with an increased risk of recurrence include HLA DR3 and HLA DR4 positivity, inadequate immunosuppression and severity of inflammation in the native liver. Titers of several auto antibodies can be elevated in patients with autoimmune hepatitis including ANA and SMA however it is unclear whether or not the degree of elevation influences the risk of disease recurrence following transplant.
Introduction
Autoimmune hepatitis (AIH) is a chronic inflammatory disease of unknown etiology that may progress to liver failure. Up to 10% of patients with AIH will ultimately require orthotopic liver transplantation (OLT), and autoimmune hepatitis is currently the 7 th leading indication for liver transplantation, accounting for approximately 6% of all liver transplant cases in the United States [1] [2] [3] [4] [5] . Data on long term outcomes following liver transplantation amongst AIH patients are conflicting. Some studies have shown similar rates of graft survival at 1, 3 and 5 years following transplant, whereas others have shown higher rates of chronic rejection and graft loss [6] [7] [8] [9] [10] . Unfortunately, all of these studies are limited by small sample sizes and relatively short duration of follow up.
Disease recurrence occurs in up to 20-45% of patients at 5 years following transplantation with histological recurrence often preceding clinical and biochemical recurrence [11] . Recurrent disease increases the risk of graft failure, progression to cirrhosis and need for retransplantation, and presents a major challenge in the post transplant care of these patients [11] [12] [13] [14] [15] [16] . Factors associated with an increased risk of recurrence include HLA DR3 and HLA DR4 positivity, inadequate immunosuppression, severity of inflammation in the native liver, and possibly anti-SLA (anti soluble liver antigen) positivity [17] .
Furthermore, patients with AIH often require higher doses and more prolonged courses of corticosteroids following OLT and this may predispose to various well known side effects of steroids, including osteoporosis, risk for infection and post transplant diabetes. On the other hand, early withdrawal of steroids may increase the risk of recurrence as well as the risk for acute rejection amongst this patient population [11, [18] [19] [20] [21] .
Given the significant impact of disease recurrence on post-transplant outcomes as well as the known toxicities of chronic steroid use, it would be very beneficial to identify patients who are at a higher risk for AIH recurrence, as these patients may require closer monitoring and specially tailored immunosuppressant regimens. Patients who are at low risk of recurrence on the other hand may benefit from early withdrawal of steroids and steroid free maintenance regimens.
Titers of several autoantibodies are usually elevated in patients with AIH, including ANA (antinuclear antibody), SMA (smooth muscle antibody) and anti-SLA in type 1 AIH, and LKM1 (liver/kidney microsome type 1 antibody) and anti-LC1 (anti-liver cytosol type 1 antibody) in type 2 AIH. It is unclear whether there is a relationship between pre transplant titers of these autoantibodies and outcomes following OLT, particularly whether the degree of elevation influences the risk of disease recurrence following transplant. Measurement of autoimmune antibody titers is routinely performed during the evaluation of AIH patients and identifying a correlation with post transplant outcomes would be a valuable marker for risk stratifying these patients. Therefore, we designed a study to determine whether or not the degree of elevation of autoantibody titers prior to OLT is associated with an increased risk for AIH recurrence following transplant, and to compare outcomes including acute rejection, AIH recurrence, chronic rejection, graft failure, need for re-transplant and all cause mortality between patients with elevated autoantibody titers prior to OLT and those with lower titers.
Patients and Methods
This was a retrospectively designed study to evaluate whether or not the level of autoantibodies in patients with AIH and end stage liver disease undergoing liver transplantation is associated with an increased risk of recurrent AIH following OLT, and to compare long term outcomes following transplantation between patients with low autoantibody titers pre transplant and those with higher titers. Data was collected via chart review, using the Emory transplant computer database, on all patients with AIH who underwent OLT between January 1, 1989 and January 1, 2009.
Inclusion and Exclusion criteria
Patients were included if they had end stage liver disease due to biopsy proven autoimmune hepatitis, documented autoimmune serologies, had received a liver transplant and had follow up data for at least one year post transplantation. Patients were excluded from the study if they had other documented causes of end stage liver disease, if they did not have biopsy proven AIH as an underlying etiology for liver disease or if they lacked data on pre transplant autoimmune titers. Patients without adequate follow up data were also excluded. Eligible patients were divided according to their pre transplant autoantibody titers into 2 groups. Group A included patients with low titers defined as less than 1:160 (including patients who tested negative for ANA and SMA), while group B included patients with titers greater than or equal to 1:160. Most studies use titers of > 1:40 to define a positive ANA and SMA; therefore we decided to use a value of at least 4 times the upper limit of normal (≥ 1:160) to define a high titer.
Autoantibody detection
ANA, SMA and LKM-1 were detected in serum using an indirect immunofluorescence (IIF) method on unfixed cryostat sections of rat liver, kidney and stomach. ANA was also screened by IIF on Hep-2 cell monolayers. Positivity cutoffs for ANA, SMA and LKM-1 were a titer > 1:40. Gamma globulin levels were determined by serum electrophoresis. Gamma globulin values of 1700 mg/dL or more were considered significant. All autoantibody measurements were obtained within 12 months of transplantation.
Post transplantation immunosuppression protocol
All patients were discharged on oral Tacrolimus with almost half receiving concurrent Mycophenolate mofetil. Tacrolimus dosing was adjusted to maintain trough levels of 8-12 ng/ml initially then tapered within 6 months to maintain trough levels of around 5 ng/ml. Patients were also started on oral prednisone at a dose of 20 mg daily and tapered down to 5 mg daily within 3 months. Patients were then maintained on 5 mg/d of prednisone indefinitely.
Follow up protocol
Following discharge, all patients were followed up at the Emory Transplant Center at 3 month intervals for the first year then at 6-12 month intervals if they had stable graft function. Immunosuppressant trough levels, complete blood counts, platelet counts, complete metabolic panels including liver enzymes, serum albumin and prothrombin times were checked at each visit. Patients with elevated liver enzymes were evaluated immediately with imaging including abdominal Ultrasound with Dopplers, abdominal MRI with MRCP (magnetic resonance cholangiopancreatography), viral hepatitis serologies, and CMV titers. An ultrasound guided liver biopsy was performed if the initial work up including imaging did not reveal an etiology for the abnormal liver enzymes. Protocol biopsies were not routinely performed in this patient population and autoantibody titers were not routinely measured in the post transplant setting.
Definition and management of recurrent disease
Recurrent disease post transplant was diagnosed based on several criteria: a sustained increase in serum aminotransferase levels, elevated serum immunoglobulins, compatible liver histology (portal lymphoplasmacytic infiltration, lobular activity and interface hepatitis) and exclusion of other causes of elevated liver enzymes or graft failure such as acute and chronic rejection, drug induced hepatotoxicity, biliary disease (anastomotic or ischemic strictures, choledocholithiasis, and biliary casts), hepatic artery thrombosis or underlying infection. Patients with recurrent disease received an initial dose of 40-60 mg daily oral prednisone and this was tapered down as tolerated based on response. Ten patients with recurrence received a combination of prednisone and Azathioprine (dose range: 50-100 mg).
Primary and secondary outcomes
Primary outcomes of interest were disease recurrence and graft survival amongst group A and B patients. Other outcomes of interest were compared between patients in both groups including acute and chronic rejection, the need for re-transplantation and mortality from all causes, the overall incidence of AIH recurrence, as well as graft and patient survival for all AIH patients receiving OLT. Variables including liver enzymes, bilirubin, prothrombin time, platelet counts and immunoglobulin levels were collected immediately before transplant (baseline) then at 1, 3, 5 and 10 years post transplantation. Autoantibody titers, and HLA DR3 and DR4 status was also documented when available. Immunosuppressant regimens at discharge following transplantation were also documented.
Statistical Analysis
Statistical analysis was performed using the Fisher exact test to compare dichotomous variables. The unpaired t-test was used to evaluate the significance of differences in means for continuous variables and the Mann Whitney test was used to compare non parametric data. Allograft survival was calculated from the time of transplant to the time of first graft loss or day of last follow up. Patient survival was calculated from the time of transplant to the last day of follow up. Kaplan-Meier plots were used to compare survival between the two patient groups. A proportional hazards regression model was used to evaluate possible predictors of recurrent disease. We also used logistic regression models to develop a predictive model for recurrence or death at 1 and 5 years post transplant. A p value < 0.05 was used to determine statistical significance. The study protocol was approved by the IRB at Emory University School of Medicine.
Results
Over a period of 20 years, a total of 1,787 OLTs were performed in 1,437 patients, of whom 63 patients with AIH received a total of 72 allografts and fulfilled the inclusion criteria. Forty eight (76%) were female. Thirty three (52%) patients were Caucasian, 26 (41%) were African American and 4 (7%) were Hispanic. Patients were followed up for a mean of 101 ± 60 months post transplant (median: 104 months; range 1-229). Mean age at transplant was 38.5±16 years; 4 (7%) had diabetes (type 1), 7 (11%) were hypertensive, and 5 (8%) had chronic kidney disease (not requiring hemodialysis) at the time of transplant.. Explant histology was available in 30 cases (42%); 23 patients had no or mild inflammation and 7 had moderate to severe inflammation. HLA DR3 and HLA DR4 status was available for only 27 patients (43%).
Recurrence occurred in 26/63 patients (42%) and 30/72 (42%) of the liver grafts. Mean time to recurrence was 57.5±46 months (median: 54.5 months) and mean graft survival was 92.5± 63 months (median: 92 months). Acute rejection occurred in 13 (18%) of grafts, chronic rejection in 19 (27%) and 7 patients (9%) required repeat liver transplantation. Most re-transplants occurred within the first 12 months post transplantation (8/12; 67%); and the main indications for re-transplantation were hepatic artery thrombosis (4/12; 33%), graft failure (6/12; 50%) and primary graft non function (1/12). A total of 7 malignancies developed in 6 patients (2 colon cancers, 4 skin cancers [squamous and basal cell carcinoma] and 1 lung cancer). Thirteen patients (21%) died during follow up; the main causes of death were sepsis (5 patients) and liver failure (4) . Other causes of death were cancer (1), acute pancreatitis (1), cardiovascular disease (1) and intracranial bleeding (1) . Post transplant diabetes developed in 19 (30%) patients and 2 serious cardiovascular events (1 stroke and 1 myocardial infarction) occurred, both in the same patient. Six patients with recurrent disease post transplant died; the causes of death were liver failure (2 patients), sepsis (1), intracranial hemorrhage (1), colon cancer (1) and pancreatitis (1) . Four patients (including one patient who received 3 allografts) with recurrent disease required retransplantation. The cause of graft failure was hepatic artery thrombosis in 1 patient and recurrent autoimmune hepatitis in the remaining patients. The majority of patients with recurrence (18/26; 70%) responded to treatment with Prednisone and Azathioprine and did not have an adverse outcome.
Baseline pre transplant serologies and titers were available for 52 patients (83%); 28 of these (54%) had ANA and/or SMA titers ≥ 1:160 (group A) and the remaining 24 had positive ANA and SMA serologies but with low titers (< 1:160) and these constituted group B. Only 8 patients had documented anti-LKM status (1 low positive and 7 negative), and none had anti-SLA or anti-LC1 serologies available. Baseline characteristics were similar between patients in both groups except for race distribution (53% African American patients in group A compared to 29% in group B) and HLA DR3 positivity (19% in group A compared to 58% in group B) (table 1). Initial Immunosuppressant regimens were similar for both groups.
There was no significant difference in long term outcomes between patients in both groups (table 2) . Recurrent disease occurred in 11 (39%) of group A and 11 (46%) of group B patients with a mean time to recurrence of 54.8±41.8 months (median: 54 months) and 37.7± 37 months (median: 18 months), respectively. Mean graft survival was also not significantly different; 90.1±54.4 months (group A; median 93 months) and 76.5±60.1 months (group B; median 89.5 months). Five patients in group A (18%) and 6 (25%) in group B developed acute rejection; chronic rejection developed in 9 (32%) and 6 (25%) of patients in group A and B, respectively. Cancer developed in 2 (7%) of group A patients and 4 (17%) of group B patients but this was not statistically significant; post transplant diabetes developed in 6 (21%) and 8 (33%) patients in group A and B, respectively. Five patients died in each group (group A: 18% vs. group B: 21%) and the difference was not significant. Kaplan-Meier survival curves summarizing time to recurrence or death for Groups A and B did not show any significant difference in disease-free survival times (log-rank test, P=0.99) (figure 1).
In a multivariate analysis, we fitted a proportional hazards regression model to assess prognostic factors for disease recurrence or death. Age, gender, race and autoantibody titer status were entered into the model. We were unable to include additional factors such as explant histology, HLA DR3 and DR4 status, in the regression analysis due to the substantial number of missing data. We found that African American patients had a higher risk of recurrence or death compared to other ethnicities (table 3) .
We also developed predictive models of recurrence or death within 1 year and 5 years after transplant. This was accomplished by entering age, gender, race, and titer status into logistic regression models. None of these factors was predictive of recurrence or death within 1 year after transplant. African-Americans had a 56% chance, and other races had a 26% chance, of recurrence or death within 5 years after transplant (P = 0.05; Table 4 ).
Discussion
Autoimmune hepatitis recurs in up to 45% of patients post transplantation with a median time to recurrence of approximately 2 years [11, [22] [23] [24] . The wide range in recurrence rates reported by various studies is likely a reflection of the difference in follow up duration post transplant, variation in immunosuppressant regimens and surveillance protocols, as well as the lack of standardized criteria to diagnose recurrent AIH. Most available data on long term outcomes following liver transplantation for autoimmune hepatitis come from relatively small studies (less than 40 patients) with short duration of follow up (5 years or less). Our study included 63 patients with AIH who received a total of 72 allografts, and who were followed up for a median of 104 months post transplant. Patient survival was approximately 80% which is similar to that seen in patients transplanted for other etiologies of liver disease. Recurrence rate among our patients was 42% with a median time to recurrence of 54.5 months. The relatively higher recurrence rate noted amongst our patients is likely due to longer follow up as well as the predominance of AIH type 1 patients. Patients with recurrent AIH had similar survival rates and graft survival compared to patients without recurrent disease; a finding that is in agreement with other studies.
Risk factors for recurrent AIH have not been clearly elucidated. HLA DR3 positive recipients were noted to have worse graft survival in some studies but not in others. Ayata et al, found that high grade inflammation in the native liver, predisposed recipients to recurrent AIH post transplantation [12] . Montano-Loza et al also showed that patients with moderate to severe inflammation in their explants were at a higher risk for recurrence; other risk factors for recurrence in their study included elevated pre-transplant aminotransferase and immunoglobulin levels, as well as the presence of concomitant autoimmune diseases [25] . Unfortunately we were unable to assess the impact of HLA DR3 and DR4 status or explant inflammation severity on recurrence rates due to the significant number of missing data. We evaluated the impact of age, race, gender and autoimmune titer levels on recurrence rates or death and found that African Americans were at a higher risk for recurrence and death compared to other ethnic groups. We also attempted to develop a predictive model for recurrence or death post transplant for AIH using age, race, gender and autoimmune titers. None of these factors were predictive of death or recurrence at 1 year post transplant and only race was predictive of outcomes at 5 years whereby African Americans had a 56% chance of recurrent disease or death compared to 26% for the other ethnic groups.
The aim of our study was to evaluate whether or not pre transplant ANA and ASMA levels had any impact on long term outcomes following transplantation in AIH patients. We did not find any significant difference in recurrence rates, graft and patient survival between patients with elevated titers (≥ 1:160) and those with low titers (< 1:160).
We recognize several limitations in our study. This was a retrospective study spanning a period of 20 years. During this time period standards of care in the management of transplant patients have evolved and this may have affected the outcomes amongst our patients who were transplanted at different time points. We attempted to stratify data by date and by pre and post MELD era however we were unable to do so due to the relatively small sample size. We were also unable to analyze the effects of HLA DR3 and DR4 status or explant histology on recurrence rates and death post transplant because of the significant amount of missing data. Another limitation was the lack of data on presenting symptoms for many of our patients. We were thus unable to determine if any of our patients presented with fulminant liver failure and this again may have impacted our outcomes since these patients have more severe inflammation and are likely at a higher risk of recurrence. We did not perform protocol biopsies for surveillance, but rather patients were biopsied if they had elevations in their liver enzymes. Even though the majority of our patients had at least one liver biopsy over the course of follow up, it is possible that the recurrence rate in our cohort was underestimated, since patients with silent disease could have been missed. We used strict criteria to identify recurrence post transplantation including elevations in aminotransferase and globulin levels, in addition to histological findings consistent with AIH on liver biopsy in the absence of other causes of graft dysfunction. Standardized diagnostic criteria to define recurrent AIH post transplantation are certainly needed. The majority of our patients had type 1 AIH, which would be expected as type 1 is more common amongst adult patients in the US. That being said, data on anti-LKM titers and anti-LC1 was missing for the majority of our patients, and we therefore could not accurately identify patients with type 2 AIH.
In summary we presented data on long term outcomes for 63 patients with AIH who received a liver transplant at our institution. Patients were followed for a median of approximately 8.5 years post transplant, and patient survival was excellent, approaching 80%. We found a recurrence rate of 42% which is within the range noted in previous studies. Recurrent AIH was successfully managed with steroids and modifications in the immunosuppressant regimen in the majority of patients, however 4 patients had progressive graft failure and required re-transplantation. African American patients had a higher incidence of recurrent disease or death (HR: 4.11), compared to patients from other ethnicities. Gender, Age and Autoantibody titers (ANA, SMA) did not appear to impact long term outcomes. Unfortunately we were unable to evaluate the impact of HLA DR3 and DR4 status or explant histology on post transplant outcomes due to the significant number of missing data.
Recurrent disease is certainly a common problem complicating the post transplant course of many patients with AIH. Available data suggests that recurrent AIH can be successfully managed in the majority of patients; however, the disease can be silent and therefore a high index of suspicion is necessary. Larger prospective studies are needed to identify predictors for recurrent AIH post transplantation. Identifying patients at a higher risk for recurrence is important, as these patients may benefit from more intensive surveillance and modifications in their immunosuppressant regimens. Kaplan Meier curves summarizing time to recurrence or death for groups A and B Table 3 Results of a proportional hazards regression model of the time to recurrence or death. 
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